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EMRS – problems,
progress and hero devices
It’s an unusual sight to see conference dele-
gates queuing in sunlight outside the
Scottish Edinburgh Conference Centre. But
the joint Electromagnetic Remote Sensing
and Systems Engineering for Autonomous
Systems meeting caused just such a logjam
in processing its first-day’s attendance of
550 delegates. It was also an unusual con-
ference being the first such joint airing of
disparate, but defence related research
developments. And not the smallest part of
its charm was that rather than featuring
‘hero’ devices and development; both the
problems and progress were aired.
Take the opening talk by Gordon Vigures
of Sula Systems on non-linear synthetic
aperture radar (NSAR), which uses a com-
bination of platform manoeuvres and pro-
cessing to separate the effects of a target’s
radial velocity and cross range displace-
ment, to give accurate estimates of both.
NSAR was demonstrated as feasible under
realistic operational and environmental
trial conditions, and can eliminate the
smearing effects of platform acceleration,
but Vigures notes that work is still needed
to determine the relationship between
manoeuver, target acceleration and image
resolution, and more robust velocity search
algorithms are likely to be considered.
Diamond and delta 
doping
For III-Vs devices, it appears that dia-
mond is edging further out of the eso-
teric towards practicality. Dr Michael
Schwitters from Element Six addressed
those ‘practicalities,’ noting that while
intrinsic diamond has exceptional elec-
tronic properties (Figure 1) and a range
of uses as a detector, the vast majority of
active device will require at least one
doped diamond material.
While p- and n-type single crystal diamond
have been reported, the dopants are very
deep (0.37eV and 0.6eV, respectively, for
boron and phosphorous) and the energies
required to obtain sufficient carrier activa-
tion may prevent the traditional device
fabrication techniques notes Schwitters.
The objective of E6 work is to achieve pre-
cise delta-doping using CVD. Presenting
the status of the work, Schwitters noted
that in 2005 in collaboration with
Germany’s University of Ulm, E6 produced
preliminary MESFET transistors, where the
high pressure/high temperature diamond
(100) substrate was grown by a 100nm
thick intrinsic CVD diamond buffer layer.
Device performance which started at 8µA
has increased to 30mA is expected to
reach 100mA by year-end.
A boron-doped delta-layer with a full-width,
half-maximum thickness of 10nm was
deposited on the buffer layer.The boron
concentration within the delta layer is as
high as 5×1020 cm–3.An intrinsic diamond
layer of 100nm thickness was deposited on
top of the delta layer to simulate a real
device and has the interface position well
away from the samples top surface, since
surface contamination can influence the
SIMS signal near the surface area.
A preliminary device design (Figure 2)
has ohm contact metallisation for source
and drain-contacts of a 20nm amorphous
tungsten-silicide layer covered by a gold
capping layer.
The WSi alloy consists of 33%Si in W and
deposited by e-beam evaporation of a WSi
target offering the advantage of high 
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Figure 1. The combined carrier mobility (electron and hole mobility) for various semiconductors; 
diamond is the only wide-bandgap, combined-carrier high-mobility material. The area of the dots is
proportional to the thermal conductivity of the materials. [Courtesy of Element Six]
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temperature stability and selective area epi-
taxy, since the comparatively high Si-con-
tent diamond does not nucleate on WSi.
This metalisation is compatible with stan-
dard optical lithography techniques – a
desirable characteristics, since the intrin-
sic channel layer is deposited on top of
the delta layer after the ohmic contact
metallisation step, cutting the number of
processing steps.
The key achievement is growing thin,
highly boron doped delta layers with a
very sharp intrinsic top layer, and
Schwitters noted in passing that “CVD
hardware modification had allowed in
situ growth in one process.”
If diamond led the charge, close on its
heels was discussion of X-band GaN
power devices on Si substrates, jointly
authored by QinetiQ, and the
Universities of Sheffield and Cardiff.
GaN-on-Si versus SiC
“Recent development in GaN-based RF
FETS have demonstrated their potential to
replace GaAs device in high power ampli-
fier applications... as GaN devices deliver
at least five times higher power compared
to GaAs devices at frequencies up to
40GHz,” said QinetiQ researcher,W.J.Wallis.
Although SiC is the substrate of choice for
GaN growth, 100mm diameter SiC has
only recently become available commer-
cially and is still relatively expensive. Si,
despite its lower thermal conductivity, has
a lower cost substrate and it large diame-
ters (allowing wafer processing in existing
foundry facilities) make them attractive for
all except the highest power applications.
Hero devices in GaN have been Mitsubishi
with 140W at 5GHz (pulsed) NEC 230W
CW at 2GHz, Eudyna 100W at 2.8GHz, but
it was pointed out that the highest power
has been generated for a GaN device on
silicon with Nitronex in December 2005
achieving 368W from a 36mm-wide
device for 1% duty cycle pulse operation
at 2.14GHz.The results were achieved by
a combination of improvement in epitaxi-
al growth, changes in device architecture
and use of techniques such as recessed
gates and field plates.
GaN-on-Si material grown in this study
was by MOVPE (MBE GaN-on-Si wafers
show general layer structures as similar,
but in detail under AFM (Figure 3), the
MOVPE material consists of island 20nm
high and 20µm where the MBE material
islands are 20nm high but 2µm across.
“So far,” reports Wallis,“the highest 
RF power output achieved is 1.8W at
Vds = 30V and 2.8GHz from an 8×125
µm 0.25µm gate length device.” Lower
than expected RF power is a common
problem with GaN HFETS, known as cur-
rent-slump or knee-walkout.Another con-
cern for GaN-on-Si substrates has been
the RF loss in the substrate.
QinetiQ modeled the thermal resistance of
a range of different geometry multi-finger
power transistors as a function of heat-
sink temperature and input power. For
small transistors the use of Si substrates
instead of SiC resulted in doubling the
thermal resistance and halving the power
handling capability.
But for larger power devices with lateral
dimension larger than the thickness of the
semiconductor, thermal resistance was
dominated by the die attach and packaging
materials (Figure 4).By thinning the silicon
substrate and using a high thermal conduc-
tivity package (copper) gives a more signifi-
cant benefit for an 8mm power cell com-
pared to the two-finger device.
The talk concluded that while poor DC-
RF dispersion limits the maximum power
output currently to under 2W/mm,
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Figure 2. Schematic of the diamond MESFET design. [Courtesy of Element Six]
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Figure 3. AFM images of (a) MOVPE and (b) MBE-grown GaN HFET layers on Si. 
[Image courtesy of QinetiQ]
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improvement in material quality and
device architecture should have signifi-
cant improvements.
The University of Sheffield and QinetiQ
reported on high temperature operation of
GaN HFETS. Using AlGaN/GaN HFETs on
Si substrates, good high temperature per-
formance was demonstrated and submi-
cron gate length devices (Figure 5) found
to have less temperature dependence at
elevated temperature operation compare
to >1µm gate length devices.A CF4 plasma
surface pretreatment prior to passivation
with standard Si3N4 reduces current col-
lapse to negligible levels.
GaAs performance
GaAs is still in the EMRS game according to
Filtronic,BAE Systems and Cambridge
University.Pointing out potential RF
photonic applications included: the use of
optical fibre RF-photonic links to transmit
broadband microwave around military plat-
forms with negligible distortion or disper-
sion;direct optical sampling and digitiza-
tion of broadband microwave signals for
surveillance and signals intelligence
receivers; switch RF-photonic delay lines to
give true time delays and for transmitting
or receiving signals from remote antennas.
But RF-photonics is not more widely used
because it is not possible currently to
achieve the high dynamic range required –
often over a very wide bandwidth.The
teams target is to achieve a 20dB improve-
ment in the spurious free dynamic range
SFDR compared to the electro-optic wave-
guide Mach Zehnder modulators used for
military RF photonic applications.
The approach has been to make GaAs
electro-optic waveguide linearised modula-
tors using a Y-fed direction coupler. Each
waveguide has two electro-optic elec-
trodes on it, one for the RF signal and one
for DC tuning.
So far, a passively linearised modulator
(without active tuning of the linearization
mechanism) with an AFDR >10dBm higher
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Figure 4. Effect of heatsink (packaging) materials. [Image courtesy of QinetiQ]
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Large 16 x 500µm power cell (750µm x 500µm in area)
For large devices packaging can become the critical issue
– Up to a 30% benefit from combining the high thermal conductivity heatsink and thinned substrate
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The UK's Defence Technology Centres (DTCs) were set up
by the Ministry of Defence to undertake pre-proof of con-
cept research in partnership with industry and academia.
To date the key topics are: data and information fusion;
human factors integration; electromagnetic remote sens-
ing; and autonomous systems engineering. Each DTC is
equipped with a supervisory board which oversees the
leadership of an operations director and an independent
research director who manage the programme of
research.
The Data Information Fusion DTC (www.difdtc.com) was
first to emerge, in February 2003.  The lead contractor is
General Dynamics UK, with BTexact, QinetiQ and a univer-
sity membership of Bristol, Cambridge, Cardiff, Cranfield,
De Montfort, London (Imperial), Southampton and Surrey.
In March 2003, the Electro Magnetic Remote Sensing DTC
was created (www.emrsdtc.co.uk). This is SELEX Sensors
and Airborne Systems UK-led (owned 75% Finmeccanica
of Italy and 25% BAE Systems). The management 
consortium comprises SELEX Sensors and Airborne
Systems, Thales UK Ltd, Roke Manor Research Ltd
(Siemens) and Filtronic Plc.
The Human Factors Integration DTC (www.hfidtc.com) was
contracted to Aerosystems International, which leads a man-
agement consortium comprising Lockheed Martin UK, MBDA
Missile Systems, System Engineering and Assessment (SEA)
Ltd, with Birmingham, Brunel and Cranfield Universities.
In January last year, the DTC for Systems Engineering for
Autonomous Systems (www.seasdtc.co.uk) emerged, with
BAE Systems Air Systems as prime contractor. Management
consortium members include MBDA Missile Systems, Roke
Manor Research, Rolls Royce, SELEX S&AS UK, Agent
Oriented Software, CAE (UK) and Smiths Aerospace. This
DTC includes the Systems Engineering Innovation Centre
(SEIC) as a “provider of science”. The SEIC was created
through a contractual agreement between Loughborough
University and BAE Systems Plc, with support from the East
Midlands Development Agency.
The SEAS DTC has six research themes, which include 
algorithms & architectures; mission planning & decision
Defence Technology 
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than that of a conventional Mach
Zehnder modulator (neglecting the sec-
ond harmonic), It has been concluded
that tuning and subsequent stabilisation is
essential for practical linearised devices.
Electro-optic tuning should reduce device
sensitivity to etch depth and improve the
SFDR further compared to the Mach
Zehnder modulator. In the next phase of
the programme, the team will explore the
bandwidth of the Y-fed directional coupler
devices as well as the four-guide Mach
Zehnder device that expected to have a
high SFDR over the 1–20GHz frequency.
Plans are to demonstrate a broadband sta-
bilized high SFDR RF-photonic line using
fully packaged devices with the most suit-
able linearised modulator design.
A Qioptiq/Thales Research team also have
use for GaAs substrates in work on broad-
band efficiency improvement in infrared
diffractive optics and have developed and
used a module to design a blazed-binary
lens with a slowly varying phase, com-
posed of sub wavelength holes and pillars
etched into a GaAs substrate for broadband
operation in the 8–12µm IR long wave-
band. Structure dimensions are compatible
with low cost manufacture, i.e. photo litho
and RIE, and with an average efficiency
higher than 96% over the spectral interval.
InAs/InxGa1–xAs/GaAs quantum-dots-in-
well (QDIP) infrared photodectors (rather
than the more mature QWIP, quantum
well infrared photo detectors) made an
appearance from Sheffield University.
These exhibit two-colour behaviour asso-
ciated with bound-to-bound and bound to
continuum intraband electron transitions.
The devices exhibit good performance
with responsivities of >1A/W in the
7–11µm atmospheric window and
detectivities of 109 cmHz1/2W–1 at 77K.
By increasing the number of QD layers in
the active region and improving growth
control of the InAs dots a responsivity of
~10A/W and detectivity of ~1010
cmHz1/2W–1 at 77K for α ~7.5µm.
As a first step towards creating focal
plane array, the team has introduced
Al0.1Ga0.9As barriers in DWELL QDIP
structure that efficiently blocks the dark
current, and provides comparable high
detectivities at the same time.
Packaging for GaAs
Low cost packaging for GaAs pHEMT
devices, MMICs and multichip modules
are essential for high reliability military
applications. In a study looking at liquid
crystalline polymer (LCP) laminates for
near hermetic, cost-effective packaging in
low to medium volumes.
Filtronic and BAE Systems teams are work-
ing to demonstrate the use of copper clad
LCP for multi-layer packaging applications
up to 20GHz examining resistance to
moisture and subsequent destructive
analysis, as well as assessing the manufac-
ture and test of discrete device packages.
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Figure 5. Section of a 350nm gate AlGaN/GaN
HFET used in the high-temperature 
measurements. [Image courtesy of QinetiQ 
and University of Sheffield]
making; sensor exploitation; communication & control;
propulsion, power generation & energy management; and
systems engineering research.
The Ministry of Defence contributes £5m funding to each
DTC yearly, over a three- to six-year period. The actual
amount and duration of the research is subject to negotia-
tion with the bidders, and consortia are expected to provide
up to an equal contribution. The organisations involved
(academics, large companies and SMEs) retain their own IP.
This collaborative approach to long-term research is aimed at
bettering exploitation of research
outputs, both to increase MoD
capability and support civil prod-
ucts, explains Neil Whitehall,
EMRS Operations Director.
For EMRS, the organisation
includes Professor Keith Lewis as
Research Director. At the research theme level, the RF
Systems group is led by Tony Kinghorn. EO Systems research
is led by Stuart Duncan (Selex) and Thales’ Stephen
McGeoch. Transduction devices and materials research is led
by Filtronic’s Dr Richard Lang, while embedded transducer
processing is led by Roke Manor’s Bryan Rickett.
Neil Whitehall points out that the DTCs build a close working
relationship between industry and MOD at the science level
and produce industrially relevant research; offer radically
new concepts as well as incremental improvements; and are
organised to maximise on technology push and market pull.
“The DTCs have extended the
reach of industry’s research pro-
grammes into the realm of basic
long-term research, and now
underpin industry’s internal
applied research programmes,”
he adds.
Neil Whitehall, 
EMRS Operations Director.
Richard Lang, 
EMRS DTC research theme leader
(transduction devices and materials).
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